INTRODUCTION {#s1}
============

Voluntary movements are performed naturally without conscious effort, just as avoidance reactions occur in instantaneous response to sudden external stimuli. These automatic responses require balancing of complex physical structures[@r1]^)^.

Balance is defined as maintenance of a stable position by adjusting the center of gravity above the basal plane[@r2]^)^, and as maintenance of the center of gravity during sway[@r2], [@r3]^)^. Segments of the human body are interconnected. Therefore, changed alignment in one segment causes compensatory movement, and can lead to instability[@r4]^)^. Body sway is minimized to maintain balance[@r5]^)^. Balance ability is the capacity to minimize and stabilize movement of the center of gravity on a basal surface in order to maintain equilibrium under various conditions[@r6]^)^. This is essential for optimal performance in activities of daily living[@r7]^)^. Balance abilities require integration of sensory information, neurological processes, and biomechanical factors. Moreover, the musculoskeletal system includes visual, vestibular sensory, and proprioceptive sensory integration components[@r8]^)^.

Static balance ability is assessed with the one-leg standing test, Romberg test, and stork stand test[@r9]^)^. Typically, the sense of balance has been assessed using the one-leg standing test, with support on both feet in static balance used as a standard. One-leg standing is an essential component of many movements in daily life, including walking, running, changing direction, using the stairs, and playing sports[@r10]^)^. Static balance ability evaluation has been used as a research tool[@r11]^)^. One-leg standing is inherently unstable; as visual information is a major contributor to the ability to balance[@r12], [@r13]^)^, lack of visual information can further amplify instability[@r14]^)^.

One-leg standing based on the center of pressure has been used for balance ability assessment[@r15]^)^. Center of pressure and balance ability related to studies anteroposterior and mediolateral sway distance range of the center of pressure of time domain variable 95% confidence ellipse area, 95% confidence circle area analysis of the evaluation has been its ability to[@r16]^)^. Coordinate values for the center of pressure are determined using a force plate and the degree of balance ability is evaluated by using the range, standard deviation, sway area, sway distance, velocity change, and acceleration change. Force plate balance data are used to determine hip joint angle changes[@r17]^)^. Measured center of pressure data are analyzed using the total length, sway velocity, anteroposterior maximum sway distance and velocity, and mediolateral maximum sway distance and velocity.

In prior research on hip joint ability to maintain balance and compensate for factors affecting the hip joint angle, the subjects themselves chose the angle or the study was conducted using pre-set positions. Thus, there are no clear criteria for hip joint angle in one-leg standing. This study aimed to establish clear criteria for hip joint angle in the one-leg standing test, according to the presence or absence of visual input and changes in the angle. The hypothesis were set up to investigate as follows, there will be a difference on hip joint angle of unsupported leg during one-leg standing; there will be a difference of the degree of balance ability.

SUBJECTS AND METHODS {#s2}
====================

This study included 45 subjects. The selection criteria were as follows: full range of joint motion; no history of lumbar, pelvic, femoral, or ankle surgery; no hip or ankle pain, and ability to perform a one-leg standing test. The subjects were fully informed about the purpose and methods of the study, and voluntarily agreed to participate in the experiment. The study was approved by the Daejeon University institutional review board. General characteristics including gender, age, height, weight, and foot size were examined before the experiment ([Table 1](#tbl_001){ref-type="table"}Table 1.Characteristics of the subjects (N=45)VariablesMeans ± SDAge (yrs)22.8 ± 2.0Height (cm)164.8 ± 9.1Weight (kg)59.3 ± 10.4Foot length (mm)244.6 ± 16.3). The angles were selected at random (0°, 30°, 60°, and 90°).

The subjects were assigned to testing according to hip joint angle, with or without visual blocking, for measurement in random order. All angles were tested in the unsupported legs[@r18]^)^.

The Gaitview System (AFA-50, ALFOOTS, Korea) was used to measure balance ability in one-leg standing posture. The Gaitview System has a size of 550 × 480 × 35 mm, a sensor size of 0.75 cm^2^ and a sensor number of 2,304 (48 × 48). Data were processed using Gaitview software version 1.0.1 vestibular test mode. Subjects were tested with eyes open or closed.

Experiments were performed without shoes on a force plate. The subjects were prepared while standing on the force plate, with eyes elevated 15°, both hands in anatomic position, and dominant leg lifted. The subjects were excluded if they failed the test more than 5 times with eyes closed. In this study, one-leg standing caused the dominant leg to be lifted and the other leg to provide support. The dominant leg was selected by self-report as the leg used to kick a ball[@r19]^)^. When static balance ability was measured in one-leg standing, the angle of the hips was set at 0°, 30°, 60°, or 90°, with the eyes closed or open. Verbal instruction was given to maintain balance for 20 seconds. Then, the degree of balance ability was measured. The knee angle was fixed at 90° balance ability the hips was given to maintain posture during measurement.

Joint angle was measured with a goniometer. With the greater trochanter used as the axis, and weight supported with the non-dominant leg, hip angles of 0°, 30°, 60°, 90° angle dominant leg. The experimenter asked the subjects to maintain their balance as much as possible, with the eyes open or closed, and all angles were measured 3 times. A 30-sec break was given between measurements. Thus, with the eyes closed, the measurement time could not be exceeded, and success was achieved after repeated attempts.

The results of this study were analyzed using SPSS ver.18.0. The general characteristics of the study subjects are presented as mean and standard deviation using descriptive statistics; the Shapiro-Wilk test was used to obtain a normal distribution. Two-way repeated analysis of variance (ANOVA) was used to determine the interaction between the presence or absence of visual blocking and the hip flexion angle. Repeated measures ANOVA was used to compare the results of balance data for each hip joint angle, and the Bonferroni method was used for a post-test. The significance level α was set at 0.05.

RESULTS {#s3}
=======

Of the 45 subjects, 16 were male and 29 were female. The mean age was 22.8 years, mean height was 164.8 cm, mean weight was 59.3 kg, and foot size was 244.6 mm. The characteristics are shown in [Table 1](#tbl_001){ref-type="table"}.

No significant interaction between hip joint angle and presence or absence of visual blocking was found.

Balance assessment according to hip joint angle with the eyes open were significant differences in total length of sway, sway velocity, mediolateral maximum distance, and velocity, anteroposterior sway velocity (p\<0.05). In post hoc, there were significant differences between groups at 0° and 30°, 60°, 90° (p\<0.05). There were no significant differences in all items among groups at 30°, 60°, 90° of hip joint angle (p\>0.05) ([Table 2](#tbl_002){ref-type="table"}Table 2.Comparison of the balance according to the state of visual and the angle of the hip joint (N=45)VariablesVisual stateHip joint angle0°30°60°90°TL (mm)Open^\*^372.6 ± 90.2^a^295.2 ± 91.5^†^298.2 ± 62.6^†^320.5 ± 78.3^†^Close^\*^616.1 ± 131.2523.1 ± 108.8^†‡^557.2 ± 119.7^†^599.2 ± 135.7SV (mm/s)Open^\*^18.6 ± 4.514.7 ± 4.6^†^14.9 ± 3.2^†^16.1 ± 3.8^†^Close^\*^30.8 ± 6.626.1 ± 5.5^†‡^28.1 ± 5.730.0 ± 6.8ML-vel (mm/s)Open^\*^12.1 ± 3.09.5 ± 2.7^†^10.1 ± 2.5^†^10.4 ± 2.4^†^Close^\*^20.1 ± 4.517.5 ± 3.6^†‡^18.4 ± 3.9^†‡^19.9 ± 4.0ML-max (mm)Open^\*^17.3 ± 4.114.5 ± 3.4^†^15.3 ± 4.1^†^14.9 ± 4.0^†^Close^\*^25.1 ± 4.222.8 ± 4.3^‡^23.9 ± 4.624.8 ± 3.7^†^AP-vel (mm/s)Open^\*^12.5 ± 3.69.9 ± 3.9^†^9.7 ± 2.5^†^10.9 ± 3.3^†^Close^\*^19.4 ± 5.116.7 ± 4.3^†^17.7 ± 4.318.9 ± 5.6AP-max (mm)Open20.3 ± 6.016.2 ± 4.416.4 ± 4.818.0 ± 5.8Close31.6 ± 9.327.8 ± 9.130.0 ± 8.431.9 ± 10.0^a^Means ± SD, \*Significant different among the hip joint angles (p\<0.05). ^†^Significant different from 0° (p\<0.05), ^‡^Significant different from 90° (p\<0.05). TL: total length of sway; SV: sway velocity; ML-vel: mediolateral velocity; ML-max: center of gravity mediolateral maximum deviation; AP-vel: anteroposterior velocity; AP-max: center of gravity anteroposterior maximum deviation).

Balance assessment according to hip joint angle with the eyes closed were significant differences in the total length of sway, sway velocity, mediolateral maximum sway distance and velocity, and anteroposterior sway velocity (p\<0.05). In post hoc, the total length of sway was significantly different between groups at 0° and 30°, 60° and between 30° and 90°. There were significant differences in sway velocity between 0° and 30°, 30° and 90° (p\<0.05). There were significant differences in mediolateral sway velocity between 0° and 30°, 60°, between 30° and 90°, between 60° and 90° (p\<0.05). There were significant differences in mediolateral maximum sway distance between 30° and 90° (p\<0.05). For anteroposterior sway velocity, there was no significant difference between angles except at 0° and 30° (p\>0.05). There were no significant differences in anteroposterior maximum sway distance for all angles.

DISCUSSION {#s4}
==========

Hip joints are important for both weight bearing and static and dynamic balance[@r20]^)^. Recent evidence suggests that hip movements are physically and mechanically significant during static standing posture[@r21]^)^. In addition, the importance of hip joints for balance ability was reported to be as large as that for ankle joints. However, previous studies did not provide a clear value for the hip joint angle during one-leg standing[@r22]^)^.

The results of this study show that static balance with eyes open has a larger value at 0° than 30°, 60° and 90°. This result show the hip joint angle affects static balance. Modern living conditions with prolonged sitting, lack of exercise, inadequate posture, excessive muscle tension, and abdominal obesity contribute to deformation of the lumbar spine. Changes in body alignment lead to muscle extension and shortening, imbalance in strength of antagonist muscles, or defects in the skeletal system that promote such muscle changes[@r23]^)^. Repeated overload due to poor posture causes instability. As a result, the stress on the joint differs from that in normal individuals, and fatigue increases. The hip joint anterior ligament shortens and the range of motion of the hip joint becomes limited. The reduction in lumbosacral flexibility and shortening of the quadriceps muscle limit pelvic motion due to the nature of the muscles, fascia, and ligaments of the vertebrae[@r24]^)^. Shortened hip flexor muscles, and spinal muscles, fascia, and ligaments result in pelvic anterior displacement and excessive lumbar lordosis[@r25]^)^, leading to trunk instability. Thus, it may be that decreased hip joint flexion affects balance ability at a hip joint angle of 0° during one-leg standing.

In this study, we predicted that in static balance with eyes open, the hip joint angle at 90° would also be greater than 30° and 60°. When the hip joint is flexed at 90°, greater muscle force if the length of the external moment arm is greater than the length of the internal moment arm[@r26]^)^. In addition, during lifting of the hip joint by 90° during the external moment arm is greater than the length of the internal moment arm[@r27]^)^. This result suggests that there was no significant difference in the 30°, 60° hip joints during one-leg standing, because the body center moved backward into the basal plane.

There was a significant difference at some angles in static balance with eyes closed, but there was no consistency between measurement items. The mean of all measurements was largest at 0° and the smallest at 30°. Balance in the human body consists of a series of controls that determine information received in the central nervous system from the vestibular, somatosensory, and visual organs; the central nervous system then send signals to the muscles to keep the body from falling. The somatosensory and visual organs play an important role in enhancing balance and maintaining balance[@r28]^)^. These sensory organs have a direct effect on ability to balance, so it is difficult to determine to what extent an institution is involved in balance[@r29]^)^. Visual information is the most influential factor in posture control[@r13]^)^. This study showed that visual acuity had more influence on balance ability than hip joint angle change.

In this study, anteroposterior maximum sway distance was larger than mediolateral maximum sway distance. When the hip joint angle is flexed to 30°, 60°, and 90° during one-leg standing, based on the third lever principle, a larger muscle force is used[@r30]^)^, and the center of gravity moves forward from the base[@r29]^)^. At the hip joint angle 0°, a shortened hip joint flexor causes couple force to occur, resulting in pelvic anterior tilt displacement, excessive lumbar lordosis to trunk instability[@r26]^)^. For this reason, anteroposterior maximum sway distance seems to be greater than mediolateral maximum sway distance.

This study has some limitations. First, the number of subjects was small, and they were in their 20s. Therefore, it is difficult to generalize to all ages. Second, one-leg standing was not accurately controlled according to the hip joint angle. Third, it was difficult to precisely control the alignment of the body except for the hip and knee angle when measuring static balance. Future research will be needed to overcome these limitations.

This study was conducted on 45 healthy male and female subjects in their 20s. One-leg standing was performed to assess static balance ability according to hip joint angle. The highest 0° hip joint was observed in all measured values except anteroposterior maximum sway distance with eyes open. However, with eyes closed, the mean of all measurements was the largest at 0° hip joint angle and the smallest at 30°. Therefore, it is necessary to clarity the angle of the hip joint when evaluating one-leg standing static balance.
